The dynamics of flow-induced translocation of polymers through a fluidic channel has been studied by dissipative particle dynamics (DPD) approach. Unlike implicit solvent models, the many-body energetic and hydrodynamic interactions are preserved naturally by incorporating explicit solvent particles in this approach. The no-slip wall boundary and the adaptive boundary conditions have been implemented in the modified DPD approach to model the hydrodynamic flow within a specific wall structure of fluidic channel and control the particles' density fluctuations. The results show that the average translocation time versus polymer chain length satisfies a power-law scaling of τ ∼N 1.152 . The conformational changes and translocation dynamics of polymers through the fluidic channel have also been investigated in our simulations, and two different translocation processes, i.e., the single-file and double-folded translocation events, have been observed in detail. These findings may be helpful in understanding the conformational and dynamic behaviors of such polymer and/or DNA molecules during the translocation processes.
The dynamics of flow-induced translocation of polymers through a fluidic channel has been studied by dissipative particle dynamics (DPD) approach. Unlike implicit solvent models, the many-body energetic and hydrodynamic interactions are preserved naturally by incorporating explicit solvent particles in this approach. The no-slip wall boundary and the adaptive boundary conditions have been implemented in the modified DPD approach to model the hydrodynamic flow within a specific wall structure of fluidic channel and control the particles' density fluctuations. The results show that the average translocation time versus polymer chain length satisfies a power-law scaling of τ ∼N 1.152 . The conformational changes and translocation dynamics of polymers through the fluidic channel have also been investigated in our simulations, and two different translocation processes, i.e., the single-file and double-folded translocation events, have been observed in detail. These findings may be helpful in understanding the conformational and dynamic behaviors of such polymer and/or DNA molecules during the translocation processes. 
I. INTRODUCTION
The dynamics of the translocation of polymers through a narrow channel or a narrow pore is significant in the understanding of several chemical and biological processes such as the transport of protein through membrane channels, motion of DNA and RNA across narrow pores, and infection of virus into the cell nucleus. The translocation of polymer molecules through a narrow channel or a narrow pore can also lead to several potentially industrial and technical applications including rapid DNA sequencing, genomic partitioning techniques, and information storage on macromolecules. It is not surprising that the translocation of polymers has become a subject of intensive experimental, 1-9 theoretical, [10] [11] [12] [13] [14] [15] [16] [17] and computational studies [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] because it has many interesting applications and is important in the understanding of the fundamental processes in biology and polymer sciences.
The number of available configurations of polymer molecules decreases in the process of polymer translocation through a narrow channel or a narrow pore, resulting in an effective entropic barrier for polymer molecules. Therefore, an external driving force such as an external electric field, 1, 6, 20 chemical potential gradient, 33 pressure gradient, 34, 35 solvent selectivity difference, 36, 37 or a direct pulling force, 27 , 38 is needed to overcome this entropic barrier and hasten the translocation. Most translocation of polymer molecules through a narrow channel or a narrow pore is currently driven by an external electric field or a direct pulling force. An a) Electronic mail: xjli7@ustc.edu.cn. b) Electronic mail: hjliang@ustc.edu.cn. applied pressure gradient, which generates a fluid flow in a narrow channel, can also drive polymer molecules through the narrow channel. Industrial and biological applications based on the translocation of polymers through microfluidic and nanofluidic channels are ubiquitous in past decades. Recent works have focused on the dynamics and flow behaviors of polymers in fluidic channels. For example, Wu and co-workers observed that polymer molecules can pass through narrow pores much smaller than their unperturbed radius via a special double-layer membrane to avoid interaction among flow fields, 34 which confirmed the prediction of Sakaue et al. that the critical suction current in linear polymers is independent of the degree of polymerization. 39 The flow-induced polymer translocation in computational and modeling research has been studied by Markesteijn et al., 35 who found that the translocation probability is independent of the polymer lengths. This observation is in consistent with previous theoretical results. 39 Nikoubashman and Likos 40 have also recently studied the translocation of linear and branched polymers through narrow and patterned channels driven by Poiseuille flow. They have confirmed the independence between the translocation probability and the polymer and dendrimer lengths and found that the threshold flux is slightly higher in dendrimers than that in linear polymers. Despite of these previous studies, many important aspects of hydrodynamic flow field as a translocation mechanism remain unexplored, a more fundamental study on the translocation of polymers through fluidic channels should still be done. Such studies may deepen understanding of the detailed conformational changes of polymers inside the fluidic channels. Dynamic simulation and modeling help in predicting how polymers will behave in fluidic flows and channels. 41 An understanding of this behavior is useful for the current and future fluidic technologies. Moreover, an insight into the detailed conformational, dynamical, and transport properties of polymer molecules and the events taking place inside the fluidic channels is necessary to develop skills in designing fluidic devices and understand the transport properties of biological macromolecules in living organisms.
We then present an extensive simulations study on the flow-induced polymer translocation through a fluidic channel by incorporating hydrodynamic interactions. Our interest is in the observation of conformational and dynamic properties of polymers during the translocation process. As an alternative, we employ the dissipative particle dynamics (DPD) method, which is a continuum simulation technique in three dimensions and correctly represents hydrodynamic interactions. 42 The rest of this work is organized into topics. Section II describes the simulation method and employed DPD model. Section III presents and discusses the simulated results. Finally, Sec. IV summarizes the findings and presents the conclusions.
II. MODEL AND METHOD

A. Dissipative particle dynamics formulation
We study the flow-induced polymer translocation with the help of dissipative particle dynamics simulation technique. DPD is a relatively new mesoscopic method that describes clusters of molecules moving together in a Lagrangian fashion subject to soft quadratic potentials. In a DPD simulation, a particle represents the center of mass in a cluster of atoms, and the position and momentum of the particle is updated in a continuous phase but spaced at discrete time steps. Particles i and j at positions r i and r j interact with each other via pairwise conservative, dissipative, and random forces, which are given by
where r i j = r i − r j , r i j = |r i j |, n i j = r i j /r i j , and
The coefficients a i j , γ , and σ define, respectively, the strength of conservative, dissipative, and random forces. In our DPD simulations, the values of γ and σ are equal to 4.50 and 3.00, respectively. In addition, ζ i j is a random number with zero mean and unit variance. The weight function ω(r i j ) is given by
where r c is the cutoff radius, which gives the extent of the interaction range. In the DPD method, the dissipative force and the random force act as heat sink and source, respectively, and the combined effect of the two forces acts as a thermostat, which conserves momentum and thus provides the correct description of hydrodynamics to the system. Also, a common choice of the soft repulsion for the conservative force permits us to use larger integration time steps than are usually allowed by the molecular dynamics (MD) simulation technique, thus, DPD is a simple but intrinsically promising simulation method that correctly represents hydrodynamic interactions.
To avoid the particle interpenetration problem, as suggested by Nikunen et al. 43 and by Liu and co-workers, 44 we adopt a segmental repulsion model and a mixed hard-soft potential to each DPD particle by modifying the form of the conservative force based on the original DPD method. In our simulations, the modified conservative force is approximated by the Morse force when the distance between two DPD particles, r i j , is less than the preset rigid core diameter 2.00r s , which is given by
where D e = 500.00 is the well depth of the Morse potential, and β = 0.50 characterizes the interaction range. Then the segmental modified conservative force is
The total force can also have an elastic contribution, which is derived from the harmonic force used to connect two consecutive particles in the chains of polymers. 45, 46 This contribution is expressed as
where k bond = 500.00 is the spring constant, and the equilibrium bond length between two consecutive particles, r 0 , is set to 0.70r c , which satisfies the equation r 0 < 2 √ 2r s and can effectively avoid the bond-crossing problem. 43, 44 An external body force is exerted on each fluid particle except DPD particles of polymers to generate a Poiseuille flow in the fluidic channel. In this study, the externally applied body force works in the z direction on the fluid particles, which has the form,
where g is the modulus of the body force and z i is a unit vector in the flow direction. When a polymer molecule is in the fluidic channel, the resulting fluid flow field will affect and drive it through the fluidic channel. The simulations are performed using a modified version of the DPD code named LAMMPS. 47 The time integration of motion equations is calculated through a modified velocityVerlet algorithm with λ = 0.50 and time step t = 0.004τ .
B. DPD models
We adopt the dissipative particle dynamics simulation method to study the translocation dynamics of polymers. Through the DPD approach, a polymer molecule in our study is modeled as a chain of connected DPD particles (monomers, , and an adaptive boundary condition (ABC) is adopted for each fluid DPD particle to control their density fluctuations. 48, 49 In the ABC method, we employ multilayered frozen DPD particles at the wall, and introduce a wall force acting on the fluid particles to control the particle density fluctuations close to the wall. The magnitude of the adaptive force depends on the distance of the fluid particle from the wall, and is iterated according to the estimated density fluctuations. For detailed description of ABC method, we refer to Ref. 49 . In addition, when polymer/fluid particles penetrate into the wall region, we perform a bounce-back reflection of these particles.
Simulations for polymer molecules with chain lengths from N = 25 to N = 250 at several different externally applied body forces ranged from g = 0.01 to 0.10 have been carried in the fluidic channel containing a total of 67 500 fluid particles with a particle number density of 3.00. The wall of the fluidic channel is formed by 32 000 stationary DPD particles. The scaling relationship between the average translocation time and the polymer length is then calculated. Generally, a flexible linear polymer chain can pass through a fluidic channel in single-file or in multifolded conformations, depending on the ratio of the fluidic channel diameter and the polymer unperturbed radius. 4, 50 The DPD simulations offer us a good method in investigating the conformational and dynamic behaviors of polymers during the translocation processes.
In theory, the equilibrated radius of gyration of a flexible polymer chain is approximate to R . An estimated value of 9.04r c is obtained for the polymer size with the longest chain length in the current study, and the diameter of the two symmetrical wide channels is D = 20.00r c , which is more than twice the polymer size. The polymer monomers are initially placed randomly on the left side of the narrow channel, far from the entrance of the narrow channel. This is different from most cases of polymer translocation wherein one end of polymer is initially placed at the entrance of the channel. Thus, the polymer, to a certain extent, moves freely in the fluidic channel. An externally applied body force is then presented to the fluid particles after the polymers are equilibrated, while the polymer is fixed at the equilibrated position until a steady Poiseuille flow in the narrow channel is generated. Afterward, the polymer is set free, and the resulting hydrodynamic flow is applied to the polymer to drive it across the narrow channel.
We monitor the instantaneous position of each polymer monomer during the translocation processes. The translocation time is measured from the moment that one or several polymer monomers enter into the narrow channel, to the moment that the entire polymer chain travel through the narrow channel. Once the part of the polymer chain that has entered the narrow channel exits the left side of the narrow channel, the translocation time needs to be measured again when it reenters the narrow channel. The translocation process is done when the polymer exits the narrow channel from the left-side of it to the right-side.
Translocation statistics are collected by running 240 independent simulations with completely independent initial conformations of polymers. In some translocation attempts for polymer with longer chain lengths, the polymer cannot undergo further translocation; thus, the entrance of several segments of polymer causes blockage of the narrow channel. One possible reason is that there is chain entanglement of the polymer during the polymer translocation process. In the current study, the hydrodynamic flowing particles around the polymer chain push the polymer monomers. Thus, the polymer is different in terms of self-reshaping to be able to travel through the narrow channel because part of the polymer chain is "fixed" in the narrow channel. We then call these events "failed runs." The possibility of having failed runs is dependent on the polymer length: the longer the polymer length, the larger the percentage of the failed runs. The successful runs are observed in all 240 translocation attempts for polymer with chain lengths less than 100. We obtain 238 successful runs out of the 240 translocation attempts for polymer with chain length N = 100, and the successful runs 236, 233, 225, 202 of the 240 are examined as translocation events for polymer with chain lengths N = 125, 150, 200, and 250, respectively. The statistics over the successful translocation events are then evaluated, neglecting the failed runs.
Based on previous computational studies, 45, 46 , 51 the repulsive parameter related to the interaction between two alike DPD particles is set at a ii = 25.00 (i = P, S, W), causing the simulated compressibility of these DPD particles at room temperature to correspond to the experimental value. As suggested by Nardai and Zifferera, 52 we have the expectation that a PS ≤ 25.00 for good solvent condition, a PS = 27.20 for θ solvent condition, while a PS ≥ 30.00 for bad solvent condition. In the present study, we consider fully flexible polymer chains under good solvent condition; thus, the repulsion parameter between polymer and solvent particles is set at a PS = 25.00. For the repulsive parameter between the polymer and wall particles, or between the solvent and wall particles, we also choose the values a PW = a SW = 25.00; thus, there is no strong repulsion or attraction between them. J. Chem. Phys. 134, 134906 (2011) 
C. Physical length-and time-scales
In DPD approach, it is convenient to use reduced units. 45 The unit of length is defined by the cutoff radius r c ; the unit of the mass is defined by the masses of particles; and the unit of energy is define by k B T . It is difficult to have a precise idea of the scales involved in the DPD simulations. The real size of a DPD polymer particle may vary from one to several dozens of monomers, depending on the interaction potential and the time scale. Several recent papers have dealt with this issue, and have attempted to map the computed results into dimensional units. [53] [54] [55] [56] [57] A mapping strategy developed by Symeonidis et al. is adopted to provide an estimate of the physical length-, and time-scales in the DPD simulations. According to their mapping strategy, 54 a single simulated polymer molecule can be mapped to a λ-phase DNA molecule, leading to r c ≈ 1.12 μm and DPD time unit τ ≈ 0.21 ms. In our simulations, a constant time step of t = 0.004τ is used, thus, the time step of t ≈ 0.087 μs is taken in the DPD simulations.
Then the simulated data can be interpreted in the following way. A polymer molecule with chain length N = 100 (corresponding an equilibrium size of R 2 g 0.5 ≈ 3.20 μm) takes around 14.90 ms to travel through the narrow channel. Notably, this is a very crude way of mapping, and provides an estimate of the order of magnitudes of quantities reported in the current study. In this paper, we do not try to relate the simulation results to any particular polymer system. Instead, we focus on the universal physical properties of polymers in fluidic channels and to provide knowledge that is useful to understand the behaviors of flow-induced polymers during the translocation processes.
III. RESULTS AND DISCUSSION
A. Verification of the hydrodynamic flow field in fluidic channel
We mainly consider the translocation of polymer through the fluidic channel under a hydrodynamic flow field. The hydrodynamic flow is obtained by applying an external body force to each fluid particle. No-slip boundary condition is applied at the wall and periodic boundary condition in the flow direction to model Poiseuille flow in the fluidic channel. Previous studies stated that considerable density fluctuations near the wall boundaries are presented in particle-based simulations such as stochastic rotational dynamics, 58 MD, 59 and DPD models. 60 It is actually technically difficult to control the density fluctuations of fluid particles with soft DPD interactions. As an effective simulation technique, DPD is successfully being applied in investigating a variety of soft matter problems for several years now because it can reproduce the correct hydrodynamic behavior of fluids. However, the soft interparticle interaction also results to the overlapping among the DPD particles, which may give rise to an asymmetric density profiles.
Extra care is taken in modeling the Poiseuille flow in the specific wall structure fluidic channel, and some conditions are made to simulate the no-slip wall boundary condition and to target a prescribed density profile simultaneously. First, as suggested by Liu et al., 44 a rigid core is included to each DPD particle by modifying the form of the conservative force to avoid the particle interpenetration problem based on the original DPD method. The overlapping of soft DPD particles in the original DPD model can be avoided in a large extent because the DPD particles with rigid core cannot penetrate each other anymore. Second, an extra bounce-back rule, i.e., the velocity of a DPD particle that collides with the wall is reflected back into the fluidic channel, is applied to the polymer and fluid particles to prevent them entering the solid wall domain. Third, an adaptive wall boundary condition, which has been developed by Pivkin and Karniadakis, 49 is also employed to target specific density fluctuations close to the wall. For more details on the implementation of the wall boundary, we refer to Refs. 48 and 49. Figure 2 shows the velocity field in the flow gradient plane and density profile for fluid particles obtained from the DPD simulations. From Fig. 2(a) , the no-slip boundary conditions along the fluidic channel walls as well as the parabolic shape of the velocity profiles in the cross-flow direction are clearly visible. Although a little difference in density profile along the fluidic channel is present, the deviations (compared with the input density value) are sufficiently small enough, allowing their neglect. The density profiles perpendicular to the flow direction is also uniform except statistical fluctuations [ Fig. 2(b) ]. Density artifact-as found in other implementations of the Poiseuille flow [58] [59] [60] -are absent in the modified DPD method so the hydrodynamic flow and the properties of polymer chain in the fluidic channel can be simply and accurately implemented through this modified approach. 
B. Scaling behavior between the translocation time and polymer length
The translocation of polymer molecule through the fluidic channel is then carried out under the hydrodynamic flow field. The conformation of this polymer molecule can change from a random coil to a stretched one under the flow velocity gradient in the cross-flow direction, and different moving parts of the polymer molecule are coupled to each other via the hydrodynamic flow field emanating from the different regions, the polymer chain can then be driven through the fluidic channel.
The dynamics of polymer translocation through the fluidic channel is described by its translocation time. We then calculate the average translocation time of polymer molecule, which is driven by the hydrodynamic flow field across the narrow channel. Figure 3 shows the scaling relationship between the average translocation time, τ , and the polymer chain length, N . The figure shows two different regimes for the translocation time depending on the polymer chain length, that is, the translocation time is independent of polymer length in short chain length, while there is a scaling relation with t ∼ N 1.152 in long polymer chain length. A polymer chain length is considered critical if the value is approximately N = 75. An estimated polymer size with the value of 4.95r c is obtained for the polymer length of N 75, which is larger than the diameter of narrow cylindrical channel. Actually, the flow-induced polymer undergoes a conformational deformation through the elongation of its size in the flow direction and the shortening of its size in the cross-flow direction. An statistical mean value of 1.93r c for the radius of gyration in the cross-flow direction (before the polymer molecule approach the entrance of the narrow channel), is less than 2.00r c . Therefore, the polymer for N < 75 does not need to or only need to slightly change its shape to across the narrow channel, so the translocation time is almost constant. We obtain a power-law scaling of the average translocation time versus the polymer chain length with an exponent of 1.152 for longer polymer length. The translocation statistics are then collected by running 300 additional translocation events for polymers with chain lengths in the range from 75 to 250, and   FIG. 3. Translocation time τ as a function of polymer chain length N . the updated scaling relationship is consistent with the one we obtained above. Besides, in order to investigate possible effects of the time step on the DPD simulations, similar to our previous simulation study on shape transformation of membrane vesicles, 51 we have replicated these simulations at different time steps. We conclude that the results are independent of the time step in the selected range.
In this study, the translocations of polymer molecules are driven by a hydrodynamic flow within a complex wall structure of fluidic channel, and the calculation of the scaling law is made over the translocation events of polymer within singlefile or within multifolded conformations. These are different from most of previous simulations in geometries, the applied driving forces and statistics method. Thus, we do not compare the scaling relationship applied in the current study with previous theoretical or experimental studies.
The diameter of the narrow cylindrical channel in this study is set at d = 4.00r c , which permits that the translocation of polymer within single-file or multifolded (double or triple) conformations. As the value of d is reduced to ∼2.00r c , only single-file translocation events are observed in the simulations; however, as the solvent particles are explicitly presented in the DPD approach, the polymer molecule is within a crowded fluid environment and thereby driven by the fluid flow, causing a considerable influence by the crowded fluid particles to be induced on the polymer translocation. To reduce this problem, many parallel narrow channels are expected to be used in the middle of the fluidic channel and present a high-throughput fluidic device 34, 61 to simulate the single-file translocation events, instead of using a single narrow cylindrical channel. The scaling relationship is then expected to compare to theoretical statistical models.
On the other hand, the width of the narrow channel is increased, more multifolded translocation events can be observed; however, as observed in the DPD simulations, the translocation time is independent of polymer length in the short chain length, and the critical polymer should be lengthened if the diameter of the narrow channel is increased. Additional simulations need to be conducted for longer polymer lengths. Furthermore, a larger fluidic channel should be used. Thus, the translocations are carried out under a relatively small diameter of d = 4.00r c of the narrow cylindrical channel.
C. Investigation of individual translocation event in detail
As we stated above, the DPD simulation provides a reliable method in investigating the conformational changes and dynamic behaviors of polymers during the translocation processes. Basically, there are three stages in the translocation process of linear polymer molecule: (1) drift diffusion; (2) capture; and (3) translocation.
62 Figure 4 and the video clip S1 as supplementary material 63 show a typical dynamic process of flow-induced translocation of polymer molecule. They can help in clearly understanding the process of the polymer translocation and reveal that the polymer molecule initially drifts along the flow direction (resulting from the hydrodynamic interactions imposed by the external flow field) and diffuses slowly because of the collisions of the fluid particles and suffers a small conformational deformation due to the flow velocity gradient [ Fig. 4(a) ]. The polymer molecule is also disturbed by the fluid particles near the narrow channel (aside from the drift and diffusion mentioned above) because of the mismatch between the polymer size and the pore size of the narrow channel, that is, the polymer molecule undergoes a continuous conformational deformation by the elongation of its size in the flow direction and shortening of its size in the cross-flow direction. The polymer molecule approaches the entrance of the narrow channel by undergoing these transformations [ Fig. 4(b) ]. The polymer molecule then transforms its shape sequentially to allow one or several polymer monomers to enter first into the pore mouth of the narrow channel. The placement of an end of the polymer molecule at the entrance of the narrow channel enables the eventual single-file translocation. Once the polymer chain's end reaches the narrow channel, it is transported by a larger drift force because of a stronger hydrodynamic velocity field in the narrow channel, creating an external pull force to the rest of polymer molecule. As mentioned above, the bond crossing is avoided in this modified DPD model so that the polymer molecule can undergo further translocation. The polymer then rapidly travels through the narrow channel [Figs. 4(c) and 4(d)] to fulfill complete translocation.
The linear polymer molecule may also pass through the narrow channel in multifolded conformations (double or triple) if the value of external body force is increased to a higher one. A linear polymer with double-folded conformations during the translocation process is shown in Fig. 5 and together with the video clip S2 in the supplementary material. 63 It starts with a drift-diffusion process [ Fig. 5(a) ] and a large conformational deformation of the polymer near the entrance of the narrow channel. However, the conformational deformation of the polymer molecule results in its middle segments reaching the pore mouth of the narrow channel first rather than in the end [ Fig. 5(b) ]. Once the middle segments enter the narrow channel, the polymer molecule rapidly elongates along the flow direction and travels through the narrow channel [Figs. 5(c) and 5(d)] to yield complete translocation. In the simulations, the complex behaviors of polymer molecules in the fluidic flow render impossible the controlled translocation of polymer within fully double-folded conformations, thus, the two-folded translocation events observed are random events in this study.
As demonstrated in experimental studies on nanopore translocation, the polymer molecule may pass through = (a) 100τ , (b) 160τ , (c) 185τ , and (d) 195τ . the narrow channel in single-file or in multifolded conformations. 4 The placement of an end of the polymer molecule into the pore mouth of the narrow channel allows the single-file translocation, whereas the midpoint of the polymer reaches the entrance of the narrow channel and enables the eventual double-folded translocation. Aside from the singlefile and double-folded translocation events, we also find that the polymer can pass through the narrow channel with doublefolded configuration, followed by a single-file configuration, in the translocation process. In the video clip S3 of the supplementary material, a dynamic translocation process of polymer molecule with these conformations is provided. 63 A more direct means of tracking the translocation process of polymer is given by observing the variation in the radius of gyration of polymer with the time development. In a previous simulation, the translocation of a biopolymer through a nanopore has been studied by Fyta et al. 26 In their study, based on an ensemble of 100 polymer configurations, they observed that the transverse components of the gyration tensor is dominant in the translocation process by analyzing the longitudinal and transverse components of the gyration tensor for untranslocated and translocated segments. In the current study, we focus on the variation of the radius of gyration with time development in two separate translocation events: the single-file translocation event shown in Fig. 4 and the doublefolded translocation event shown in Fig. 5 . Because the polymer undergoes a continuous conformational deformation by the elongation of its size in the flow direction, the shortening of its size in the cross-flow direction, and the direction of the flow field mainly along the z direction, the component of the mean-square radius of gyration in the z direction is dominant in the mean-square radius of gyration, not in the translocation process. Figure 6 shows that the polymer clearly has a large conformational deformation during the translocation. First, R 2 g increases slowly during the drift-diffusion process. The direction of the hydrodynamic flow field in the simulations is mainly along the z direction, and the component of the meansquare radius of gyration in the z direction, R 2 g,z , is dominant in the mean-square radius of gyration. Therefore, the increase in the mean-square radius of gyration of polymer indicates that the polymer elongate its size in the flow direction. R 
IV. CONCLUSIONS
In this paper, we have studied the dynamics of the translocation of flow-induced polymer molecule through a fluidic channel by incorporating hydrodynamic interactions via a particle-based dissipative particle dynamics approach. The no-slip wall boundary and adaptive boundary conditions are included in the modified DPD approach to model the Poiseuille flow in a specific wall structure of the fluidic channel and control the particles' density fluctuations in the fluidic channel. The results show that the scaling relationship between the average translocation time, τ , and the polymer chain length, N , is 1.152 for N ≥ 75. Furthermore, the scaling law observed for relatively shorter polymer molecules is independent of the polymer length. The conformational changes and translocation dynamics of polymer through the fluidic channel have been investigated in our simulations, and two different translocation processes, i.e., single-file and double-folded translocation events, have been observed in detail. These findings demonstrate that DPD method is an effective (relatively simple) simulation technique for understanding the conformational and dynamic behaviors of polymer and DNA molecules during the translocation processes.
